A field study was conducted to assess the effectiveness of the Arbuscular Mycorrhizal Fungus (AMF) Glomus sp. on the plant growth, the flowering and the fruit yield of tomato (Lycopersicon esculentum, Mill.). Thus, 4 strains of Glomus sp. (M 233 , M 353 , B 3 and Gd) were tested in comparison with NPK fertilizer on 3 tomato varieties ICRIXINA, TROPIMECH and PETO76, using a complete randomized block design with three replications. The results revealed that 84 days after transplanting (DAT), the rate of root colonization by the fungus did not exceed 25%, and the plant height was not affected by AMF inoculation, whereas M 353 induced late flowering on ICRIXINA at 69 DAT and PETO76 at 74 DAT. Also the four AMF strains induced similar fruit yields as that of NPK for each of the 3 tomato varieties used. However, the response of tomato plants to AMF varied with the varieties.
INTRODUCTION
Tomato (Lycopersicon esculentum, Mill.) is one of the important vegetable crops worldwide with high nutritional value. Tomato World production estimated to 159023383 tons in 2011, has increased to 6968058 tones compared to previous year (FAO, 2012) . In Togo, the area of tomato production in the urban and peri-urban zones increased while tomato yield decreased (Sikora and Fernandez, 2005) . Production has decreased from 6000 to 5346 tones between 2010 and 2011 (FAO, 2012 due to many constraints, among which the decrease of soil fertility is one of the most important (James et al., 2005) . To face this major constraint, farmers are used to apply chemical fertilizers which, however, are expensive and highly polluting.
One of the promising alternatives is the use of the arbuscular mycorrhizal fungi (AMF), which are organisms that build symbiotic relationship with more than 80% of living plants worldwide (Oehl et al., 2004; Smith and Read, 2008) . AMF were reported to improve plant vigor and induce greater protection of the plant against various biotic and abiotic stress factors (Hol and Cook, 2005; Castillo et al., 2006; Khaosaad et al., 2007; Javaid and Riaz, 2008; Tchabi et al., 2008; Oseni et al., 2010) . AMF induced more efficiency in nutrient and water acquisition, thus improved plant growth (Oseni et al., 2010) , crop productivity (Javaid and Riaz, 2008 ) and soil structure (Shreiner et al., 1997) . Koide (1990, 1998) reported significant increase of the number of flower and the number of mature fruits and their weights in mycorrhized tomatoes. They also found differential reaction of AMF among tomato genotypes. The effectiveness of AMF on the plant productivity has been well documented (Atimanav and Adholeya, 2002; Zaidi et al., 2003 ; Oseni et al., 2010) . However, no data is available on the use of AMF in agriculture in Togo. Therefore, the present study aimed at investigating the effects of Arbuscular Mycorrhizal Fungi on the tomato production in Togo.
MATERIALS AND METHODS

Experimental site
The trial was conducted under field conditions at the High School of Agriculture Experimental Station at the University of Lomé in Togo, from May to September 2011 with the average temperature and relative humidity of 27 °C and 70%, respectively, and the monthly average rainfall of 1000 mm. The vegetation is a forest-savannah transition zone. The soil is sandy clayey with 48 ppm P, 0.08 meq K, 0.51 meq Ca, 0.39 meq Mg + , 0.06% N and pH of 7.73.
Inoculation of plants
Three tomato varieties ICRIXINA, TROPIMECH and PETO76 and four strains of Glomus sp. (M 233 , Gd from Benin, M 353, B 3 from Senegal) were used. The plant material and the strains were received from International Institute of Tropical Agriculture (IITA) Station in Cotonou, Benin. The inoculums were grown on Allium porrum and applied at the dose of 2 kg per 0.5 m 2 according to the method described by Mamathat and Bagyraj (2002) and Djigal (2003) . The NPK fertilizer was applied 15 and 30 days after transplanting at the dose of 200 g per 3 m 2 .
Experimental design
Plants of tomato varieties ICRIXINA, TROPIMECH and PETO76 were grown for 3 weeks in a nursery on the soil previously sterilized at 105 °C for 30 min and inoculated with the mycorrhizal strains. Six treatments corresponding to 6 plots were adopted: one plot for each of the 4 mycorrhizal strains used, one plot for the NPK fertilizer, whereas the control was neither inoculated nor fertilized. Three weeks old seedlings were transplanted in the experimented field plots. The trial was set up as a complete randomized block design with three replications. Weeding was performed when necessary. Cypercal at the dose of 1 L.ha -1 and Mancozeb at the dose of 0.75 kg.ha -1 were used to control leafborers and fungal diseases, respectively.
Assessment of the mycorrhization
Six randomly selected plants per plot were pulled out from the soil at 12 weeks after transplanting and washed. For each plant, 10 roots of 10 mm long stained with trypan blue in lactophenol using the method described by Phillips and Hayman (1970) amended by Brundrett et al. (1996) . The mycorrhization rate was assessed using the grid line-intersect method of the later authors (Brundrett et al., 1996) .
Assessment of the plant growth, early flowering and fruit yield
The plant height was recorded once a week from the 3 rd to the 12 th week after transplanting. The flowering of 50% of plants for each treatment was determined as an indicator of the early flowering. Tomato fruits were harvested three times a week on six plants per plot from 12 to 18 weeks after transplanting. The weight of the fruits per plant and the total yield were determined.
Statistical analysis
The recorded data analysis was performed using ANOVA in GenSTAT software. The means were discriminated using Duncan's Multiple Range Test at the level of 5%.
RESULTS
Rate of mycorrhization
The results showed that the mycorrhization rates ranged from 6% to 23% among strains (Table 1 ). Significant differences of mycorrhization between the fungus strains were observed (p ˂ 0.001). The highest rate was recorded with plants inoculated with the strain Gd (23.67%) followed by that inoculated with the strain M 353 (18%) on the variety ICRIXINA, while the strain B 3 recorded the lowest mycorrhization level of 6.67% on the variety PETO76. The mycorrhization in all the inoculated plots was higher than in the NPK and the control plots. Also, significant differences of mycorrhization rates were observed regarding varieties (p = 0.004). For ICRIXINA the strain Gd induced a significantly higher mycorrhization level than B 3 and M 233 , but did not differ from the strain M 353 . Also, on TROPIMECH, the strains Gd and M 353 recorded statistically the same mycorrhization rate, but significantly higher than the strains B 3 and M 233 . On PETO76 only the strain M 353 induced a significantly higher mycorrhization rate than the strain B 3 .
Effects of AMF on plant growth, early flowering and fruit yield
Plant growth: The plant heights ranged from 55 cm to 77.67 cm for the 4 fungus strains, whereas the control plant heights were from 52.64 cm to 77.67 cm ( Table 2 ). The ANOVA analysis revealed no significant difference between all the treatments including the NPK and the control (p = 0.69).
Flowering: The flowering time varied from 59 to 73 days after planting in inoculated plants and from 58 to 63 days in the control treatment (Table 3) . However, no significant differences was observed between all the treatments, except the treatment with the strain M 353 which induced a significantly longer flowering time than other treatments on the varieties ICRIXINA and PETO76 (p = 0.002).
Fruit yield: On the variety ICRIXINA, the fruit yield was 10 t. (Table 4 ). The ANOVA analysis revealed generally no significant difference in fruit yield induced by the mycorrhizal strains and the NPK treatment, except for the strains M233 and B3 on the variety ICRIXINA and the strain M233 on the variety TROPIMECH where the fruit yield was significantly lesser than that of the NPK treatment (p = 0.003). 
DISCUSSION
Previous experiment on the colonization of tomato plants by Glomus sp. revealed a mycorrhization rate of higher than 50% (Nedorost and Pokluda, 2012) . In the present study, the colonization level did not exceed 24%. Low mycorrhizal root colonization in field (10-20%) has also been observed by Ashley (2007) . The author found that low seedlings mycorrhizal colonization before transplanting and soil disturbance during production were correlated with low mycorrhizal root colonization in field. In the present study, the seedlings have been transplanted only 21 days after sowing; also weeding has been performed 10 times during the experiment. This might disturb the soil and influence negatively the establishment of the fungus on the tomato roots. Earlier studies conducted by Evans and Miller (1990) , demonstrated that the disturbance of the soil induced destruction of the AMF mycelium and led on the reduction of the colonization of maize plants by the fungus. The present study revealed a variability mycorrhization in the rate between fungus strains and also between tomato varieties. Recently, Castillo et al. (2012) found also difference in AMF colonization of wheat, barley and oats varieties in southern Chile.
The absence of an AMF effect on vegetative growth of tomato plants was reported by Smith et al. (2004) and Ashley (2007) who found no response of the plants growth to AMF colonization. The authors suggested that the unresponsive of the plants growth could be due to the low rate of AMF mycorrhization observed. Moore (1998) observed that less than 20% of root colonization by the AMF did not induce positive effect on the plant growth. In the present study, the rates of mycorrhization obtained were generally less than 20%, thus could explain the none effect on the plant growth observed. Nowak (2004) observed that tomato plants inoculated with some Glomus species had a late flowering compared to none inoculated plants. Poulton et al. (2002) found that AMF colonization reduced significantly the flowering time of the plants. Recently, Salvioli et al. (2012) found also that the mycorrhization of Glomus mosseae strains on tomato plants reduced significantly their flowering time. In spite of that these authors experimented under controlled conditions while the present study was carried out under field conditions with natural climate condition, ssimilar results were found. This could explain the ineffectiveness of the mycorrhization on the flowering time. The results showed significant effect on flowering time induced by the strain M 353 on the varieties ICRIXINA and PETO76 but not on TROPIMECH. Variability of the mycorrhizal response on the flowering of tomato plants has been demonstrated by Poulton et al. (2002) .
The effect of AMF on tomato yield is remarkable. Except plots inoculated with the strain M 233 on varieties ICRIXINA and TROPIMECH, and those inoculated with the strain B 3 on ICRIXINA, all inoculated plots recorded statistically the same tomato yield as NPK treatment. Former studies demonstrated the capacity of the AMF to improve water and mineral supply of tomato plants in the absence of NPK, thus to induce the vegetable yield as well as the mineral fertilizer (Busher, 2007) . The author observed that the Glomus AMF improved plant supply in water, phosphorus and nitrogen, leading to a higher yield. Also, Oseni et al. (2010) demonstrated an enhancement of the crop productivity due to inoculation with the AMF. Mycorrhizal fungi have been reported in the roots of chickpea plants, improving the growth and yield of these plants (Zaidi et al., 2003) . Earlier studies reported the enhancement of growth of leguminous plants by the AMF (Atimanav and Adholeya, 2002) . The present results revealed differential reaction of the strains B 3 and M 233 on the tomato yield of the varieties. Poulton et al. (2002) showed that the response of tomato plants to AMF inoculation varied with genotypes. In the present study, differential reaction of the varieties ICRIXINA and TROPIMECH in fruit yield after inoculation with the strains B 3 and M 233 was observed.
Conclusion
The goal of this study was to contribute to the improvement of tomato production by the use of the mycorrhizal fungi Glomus sp. Then, four strains were tested on three tomato varieties and the parameters such as mycorrhizal root colonization, plant growth, flowering and fruit yield were recorded. The results showed that even low, mycorrhization of the tomato plants roots was established. Also, the fungi induced significant fruit yield, however the effects on the fruit yield varied with the strains and the tomato varieties.
